Substituent chemical shifts were examined for the 2-and 3-thiophene derivatives of chalcone and compared to the thiophene series of derivatives with the phenyl series. The chemical shift values for the α-carbons of the enones showed and inverse correlation with the Hammett σ values, but the correlation coefficients were moderate (r = 0.836 -0.878). On the other hand, the β-carbons showed a normal correlation with excellent correlation coefficients (r = 0.994). The absolute magnitude of the ρ values for the α-carbon are about half of those of the β-carbon. The observation may be the result of a through-space transition of the electronic effect of the substituents in addition to the through bond transition.
Introduction
The positional isomers of five-membered monoheterocyclic aromatic compounds show quite contrasting physical and chemical properties. For example, 2-thiophenecarboxylic acid is more acidic (pKa 3.53) than its positional isomer, 3-thiophenecarboxylic acid (pKa 4.10). 1 The 13 C NMR signal of the carbonyl carbon of 2-thiophenecarboxylic acid (163.04 ppm) appears slightly upfield than that of the 3-isomer (163.63 ppm). 2 A similar trend is also observed for the aldehydes: 2-thiophenecarboxaldehyde (182.93 ppm) appears in the upfield than its 3-isomer (184.88 ppm).
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Unlike furan and pyrrole which show the α-C signals more down field than those of the β-C, thiophene shows opposite chemical shift values for the α-C (124.9 ppm) and the β-C (126.4 ppm). 4 It seems also worthy to note that the chemical shifts of the β-C of furan (109.9 ppm) and that of pyrrole (107.7 ppm) are close each other, but the β-C of thiophene has the value (126.4 ppm) which is closer to the chemical shift value of benzene (128.5 ppm) than those of the β-C's of furan or pyrrole. 5 Apparently, the electronic effect of the S atom is quite different from those of the O and N atoms. There are ample reports on the effect of the S atom in thiophene on the chemical shift values of the proton and carbon in the ring. 6 In the course of our extensive studies on the difference in the physico-chemical behaviors of the positional isomers of fivemembered monoheterocyclic aromatic compounds we have found that (E)-1-aryl-3-thienyl-2-propenones (3 and 5) show quite interesting NMR spectroscopic behaviors. Furthermore, comparison with the spectra of the phenyl series of similar type provides useful information on the aromaticity of thiophene. 7 We report here the substituent chemical shifts correlations with the 2-and 3-thienyl compounds 3 and 5 as well as the corresponding phenyl compounds 7.
Results and Discussion
(E)-1-Aryl-3-thienyl-2-propenones (3 and 5) were prepared by the aldol condensations of 2-and 3-thiophenecarboxaldehyde (1 and 4), respectively, with m-and p-substituted acetophenones (2) in the presence of NaOH in ethanol-water solution. 8 Similarly, 3-phenyl derivatives 7 were prepared. The yields were generally good (60 -90%).
All the products were purified by recrystallization from ethanol to analytical purity, which is essential for spectroscopic analysis. The NMR spectra of 3, 5 and 7 were obtained in 0.1 M CDCl3 solutions. Assignments were made with the aid of C has been extensively investigated. Comprehensive references on the topic have been published. 9 One of the areas of such a study is to tabulate the statistical values so that the prediction of the chemical shift values for a new compound is possible by using the additivity rule. 10 The other approach is to correlate the substituent chemical shifts with the known substituent parameters such as the Hammett σ, the Taft σI and σR, or SwainLoften F and R values. 11 The substituent effect on the chemical shift is typically analyzed by the single substituent parameter 
Applying Eq. 1, Musumarra and Ballistreri reported the correlation of 13 C chemical shifts of C=O, α-C, β-C, 2-C, 5-C, and ipso-C in 3 with the Hammett σ values. 13 But they examined seven compounds having substituents (OCH3, CH3, H, F, Cl, CN, and NO2) only at the para position. Furthermore, the measurement was made with the solution of 200 mg of the compound in 1.5 mL of CDCl 3 . The spectra were obtained at 25.05 MHz. There are discrepancies in the assignments between the literature values and our values which were obtained with 0.1 M solutions at 100 MHz. For example, they assigned the 4-C signal to be down-field to that of 5-C. But our assignments based on included) for α-C and β-C, respectively. However, they did not report a ρ value for the carbonyl carbon atom. Instead, the correlation for C=O was found, using an equation ∆δ = δo + f*F + r*R, with the six compounds having the para substituents. Values of f* (-0.914) and r* (2.152) were reported.
Applying the Eqn. 2 to the data of Solaniova, et al., Brownlee, 15 They also reported the negative ρI values for β-C (-1.1) and 1-C (-0.8) and the positive ρI values for α-C (2.7) and 4-C (0.3). Although the signs of the values may be unchanged, the calculations were done with different sets of four resonance scales (σR-, σR o , σR BA , and σR+) so that the best fit could be obtained. Therefore, the comparison of the magnitude of ρ I and ρ R values may not be justified.
We found that the SSP approach (Eqn. 1) is useful when the structurally related substrates are compared. For example, correlations of 13 C=O of m-and p-substituted benzoyl derivatives of furan, pyrrole, thiophene, and benzene show good linearities when one series is plotted to other series. Table 7 lists the slopes (ρ) and the correlation coefficients (r) obtained from the similar plotting. As shown in Table 7 Similar plotting among the series resulted in the values for the slopes and the correlation coefficients as listed in Table 8 .
It is interesting to note that the value of the slope for the β-H is 1.406 whereas that for the β-C is 1.003 for the plot of 3 against 5, as shown in Table 8 .
The β-C in 3 and 5 are the atoms that are directly bonded to the 2-and 3-positions of the thiophene ring, respectively. Therefore, the slope of near unity for the β-C may imply that the electronic effect of S atom in thiophene is quite uniform throughout the ring. On the other hand, the larger value of the slope for the β-H may be a result of the through-space interaction of the lone pair electrons on S atom with the electrons on the β-H due to the conformation like I. Although the α-and β-Hs do not show good correlations with σ, as shown in Table 7 , it should be pointed out that the α-Hs show an inverse trend while the β-Hs show a normal trend with the better correlation coefficients. The correlation of 13 C chemical shifts with the Hammett σ values show a similar phenomena. The α-Cs show an inverse correlation with fair r values (0.878 for 3, 0.836 for 5, and 0.844 for 7) while the β-Cs show a normal correlation with excellent r values (0.994 for 3, 5, and 7).
One of the striking phenomena that appears in the correlation of the carbon chemical shifts with σ is the apparent lack of correlation of the carbonyl carbon (r = 0.571 ~ 0.597). As shown in Tables 2, 4 , and 6, both electron-donating (e. g., p-OCH3) and electron-withdrawing (e. g., p-NO 2 ) groups cause an up-field shift of the 13 C=O signals. When the correlations were attempted separately for the electron-donating and -withdrawing groups, positive and negative ρ values were obtained, respectively, with fair correlation coefficient values. But the slopes for the former H
